1. A surface electrode was used to record electromyographic activity of the posterior cricoarytenoid muscle during breathing in normal subjects and patients with airflow obstruction.
Introduction
The intrinsic muscles of the larynx may be considered as an integral part of the striated respiratory musculature [ l , 21. In man this respiratory r61e has yet to be clearly defined. Certainly during breathing the separation of the vocal folds, or glottic chink varies, widening just before inspiration and narrowing on expiration, It remains uncertain, however, which laryngeal muscles are responsible for this respiratory variation in glottic width. Although .various workers using electromyographic studies in animals agree that abduction of the vocal folds on inspiration is achieved by the phasic activity of the posterior crico-arytenoid muscle [7, 81 there is a lack of similar information in man. Indeed this has led Fink & Demarest [91 to suggest that the vocal folds move, during breathing, passively as a result of the upward and downward movement of the larynx on expiration and inspiration. The only electromyographic studies in man have been performed in patients with unilateral vocal fold paralysis under general anaesthetic [ 101; both factors may influence respiratory excursion of the vocal folds.
This paucity of information in man results from the relative inaccessibility of the laryngeal muscles and from the fact that potential artifacts are inherent in electromyographic studies. For example, needle electrodes may lacerate a muscle to produce a haematoma or may limit normal movement of small muscles 1 1 I. During hyperventilation the needle tip may become displaced or itself stimulate muscle activity. For these reasons we have developed a surface electrode [12], which is easily swallowed into position against either the posterior crico-arytenoid muscle or the interarytenoid muscle. After application of topical lignocaine anaesthetic it has proved to be possible to record phasic respiratory activity in the posterior crico-arytenoid muscle both in normal subjects and patients with airflow obstruction. 
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Methods
Six patients with airflow obstruction and six normal volunteer subjects undertook the study (Table 1) . Each received lignocaine spray (lo%, w/v) topical anaesthetic to the , fauces and pharynx, excess anaesthetic being swallowed. The surface electromyographic electrode [ 121 consists of two stainless steel plates set in medical-grade silicone rubber. It is rectangular in shape being 2 cm wide and 3 mm thick and from it projects an insulated wire connecting to an isolation amplifier. To provide a measure of how far the electrode needed to be swallowed to come into contact with the posterior crico-arytenoid muscle, the distance from teeth to thyroid cartilage was measured externally with the electrode wire in each volunteer subject. The procedure followed to insert the electrode was to place it, firstly, on the tongue with the plates facing downwards. Correct functioning could then be checked by simply moving the tongue. The electrode was then slid over the back of the tonguk ( Fig. 1 ) encountering no muscle tissue until contacting the inter-arytenoid muscle. This muscle could be identified by the distance of insertion of the wire, previously checked by an external measurement, and because the inter-arytenoid shows electromyographic activity on phonation and breath-hold when the glottis closes [131. Each volunteer subject was then asked to swallow, carrying the electrode down a further 1.5 cm into contact with the posterior crico-arytenoid muscle. This muscle does not exhibit phonatory or breath-holding activity. If the electrode was inadvertently swallowed further, no electromyographic activity was detected from the oesophageal musculature unless painful oesophageal spasm was induced, in which case the electrode was withdrawn.
To check that this procedure resulted in correct positioning of the electrode, in two normal subjects a fibre-optic bronchoscope was used to visualize the larynx during insertion and subsequent study. Photographs were taken, in each subject, during the study with a motorized camera (OM2, Olympus, Japan) with automatic marking of the electromyographic record each time a photograph was taken. Subjects nos. 4 and 5 were studied in this way (Table 1) .
The electromyographic signal was processed by a differential isolation amplifier with a gain of 10 000 and a bandwidth from 5.0 to 1600 Hz. To provide a visual guide to average electromyographic activity the signal was also rectified and integrated with a time constant of 0.15 s. Numerical analysis was, however, performed by inspection of the raw electromyographic trace, maximal amplitude being measured. A breathing trace was obtained during the study, each subject breathing through a pneumotachograph flow head connected to a differential manometer (M10 Mercury Electronics Ltd, Scotland, U.K.) and the output then electronically integrated to give volume. From the breathing trace, tidal volume (V,) and the durations of inspiration and expiration were calculated. Both breathing and electromyographic traces were recorded on a four-channel polygraphic recorder (Mingograph 340; Siemens, Elema, Germany). Once the electrode was positioned the subject first breathed quietly then voluntarily and progressively increased rate and volume. Each such run lasted 4 min. Quiet breathing then followed and a further run was attempted before the electrode was fully withdrawn. 
Results
In normal subjects phasic activity of the posterior crico-arytenoid muscle was not seen during quiet breathing. Only on increased ventilation did phasic electromyographic activity, during inspiration, become clear cut (Fig. 2) . Conversely, in patients phasic inspiratory activity was seen even during quiet breathing with little subsequent increase with hyperventilation ( Fig. Factors such as mucosal thickness overlying the posterior crico-arytenoid muscle, surface contact of the electrode or electrical interference may modify the absolute size of the surface electromyographic activity in any individual. To adjust for such differences between subjects the inspiratory muscle activity was expressed for each breath as a percentage of the maximal inspiratory activity observed in that subject during hyperventilation.
No significant correlation was found between inspiratory electromyographic activity and either duration of inspiration or expiration. There was, however, correlation between activity and tidal volume in normal subjects as can be seen from 2). comparison of the activity on maximum and minimum tidal volumes ( Table 2) . No such association was found for the patients. By expressing tidal volumes as a percentage of vital capacity it was possible to compare the indices of posterior crico-arytenoid activity in patients with airflow obstruction with those in normal subjects (Fig.  3) . Normal subjects showed a highly significant correlation between tidal volume (expressed as a percentage of vital capacity) and posterior cricoarytenoid muscle electromyographic activity, the activity increasing with tidal volume (r = 0.71; P = 0-005). Conversely, no significant correlation was found between activity and tidal volume in the patients (r = 0.11; P = 0.5). At low tidal volumes the posterior crico-arytenoid activity in patients was approximately twice the value for normal subjects at comparable tidal volumes (Fig. 3) .
Discussion
The most important question in electromyographic studies of the larynx is whether the electrode is correctly positioned. Three factors contribute to confidence in the position achieved by the surface electrode in this study. The shape and size of the electrode, which was essentially a flat disc with a similar width to the oesophagus, together with the forward facing electrode plates 1121, ensure that there is a regular progression in the possible muscle tissue in contact with the plates. This includes tongue, then nothing while the electrode traverses the laryngeal vestibule, then the interarytenoid muscle followed by the posterior crico-arytenoid muscles (Fig. 1) . The interarytenoid muscle, unlike the posterior cricoarytenoid muscle, shows marked activity on phonation and breath-holding when the glottis closes aiding separate identification of the two muscles [ 131. Finally, approximate positioning of the electrode may be achieved by simply inserting the electrode a sufficient distance determined previously by external measurement of the distance from teeth to thyroid cartilage. Furthermore, by using this standard insertion procedure in two subjects and photographing the position of the electrode during each study, it was possible to obtain identical results and to confirm correct placement of the electrode. A further question is whether the electrode causes posterior crico-arytenoid activity. This seems unlikely by the relative absence of activity at rest and the phasic activity seen during hyperventilation. Local anaesthesia also is likely to have abolished any reflex stimulation [ 141. Normal subjects showed little inspiratory activity in the posterior crico-arytenoid during quiet breathing. In similar studies of normal subjects the glottis varies little in width during quiet breathing 14, 51. During rapid breathing, or at high lung volumes, the glottis also opens more fully than during quiet breathing [15] . We have demonstrated that the abductor of the vocal folds, the pcsterior crico-arytenoid muscle 161, which is responsible for widening the glottis chink, increases its activity with tidal volume, supporting the idea that it is an inspiratory muscle. This is in agreement with studies in animals, where posterior crico-arytenoid activity increased with tidal volume, when hyperventilation was induced by breathing carbon dioxide [171. It is necessary to ask why, in patients with airflow obstruction, the posterior crico-arytenoid muscle should be electromyographically active during quiet inspirations and show little increase with hyperventilation. Experimentally induced bronchoconstriction [51 and airflow obstruction due to lung disease [18] are both associated with marked expiratory narrowing of the glottis. It is likely that such narrowing of the glottis causes the increased expiratory laryngeal resistance seen during quiet breathing in patients with airflow obstruction [191. This may act as an alternative to pursed lip breathing [20]. Such narrowing of the glottis may be achieved by active contraction of vocal fold adduction muscles [81. Whatever the mechanism of this expiratory narrowing it is necessary for the glottis to open on each subsequent inspiration. The phasic inspiratory activity of the posterior crico-arytenoid muscle seen in patients with airflow obstruction could therefore simply reflect the need to reopen the glottis after expiratory narrowing. A similar increase in laryngeal muscle activity during inspiration has been observed in animals after experimentally induced bronchoconstriction in association with expiratory glottis narrowing [61.
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It is likely therefore that the posterior cricoarytenoid muscle is indeed an inspiratory muscle [21] which behaves analogously to an accessory respiratory muscle. Phasic inspiratory activity, which is not usually present during quiet breathing, increases with hyperventilation in normal subjects. However, in patients with airflow obstruction inspiratory activity is present even during quiet breathing.
